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Description

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0001] The present invention relates to a lubricant deterioration detecting device for detecting the status of deterioration
of a lubricant resulting from admixture of an alien substance and also to a detecting device incorporated bearing assembly
equipped with such lubricant detection detecting device such as, for example, a detector incorporated bearing assembly
for use in railway vehicles, automotive vehicles and industrial machines or the like.

(Description of the Prior Art)

[0002] In the bearing assembly filled with a lubricant, an insufficient lubrication occurs once the lubricant (such as, for
example, a grease or oil) within the bearing assembly is deteriorated, resulting in a reduction in lifetime of the bearing
assembly. Since determination of the occurrence of the insufficient lubrication in reference to the status of vibration or
the like occurring in the bearing assembly is carried out when and after an operating abnormality has occurred as a
result of expiration of the lifetime of the bearing assembly, the presence or absence of an abnormality in lubrication
cannot be carried out at an early time. In view of this, it has been desired to monitor the status of the lubricant within the
bearing assembly regularly or in real time so that the occurrence of the abnormality and/or the time for maintenance can
be predicated.
[0003] A major cause of deterioration of the lubricant may include an admixture of powdery wear debris, which is
produced as the bearing assembly is used, into the lubricant.
[0004] For detecting the status of wear of the bearing assembly, a sensor incorporated bearing assembly has been
suggested, in which a sensor in the form of an electrode or a coil is arranged inside a sealing member of the bearing
assembly so that the electrical characteristic of the lubricant resulting from the admixture of the wear debris can be
detected. (See, for example, the Japanese Laid-open Patent Publication No. 2004-293776, published October 21, 2004.)
[0005] However, since the sensor incorporated bearing assembly disclosed in the above mentioned patent document
is so designed that the electrical characteristic of the lubricant can be detected, no change in characteristic can be
detected unless a condition is established in which conduction occurs as a result of inclusion of a substantial amount of
wear debris, and thus, difficulty often occurs in detecting the inclusion of the alien substance.
[0006] In order to alleviate the problems discussed above, such an optical construction, although it has not yet been
known, has been contemplated, in which, for example, as shown in Fig. 25, an light emitting element 53 and a light
receiving element 54 are arranged, with a lubricant 55 intervening therebetween, so that the status of deterioration of
the lubricant 55 can be estimated from the intensity of light emitted from the light emitting element 53 and subsequently
detected by the light receiving element 54.
[0007] In the case of the above described construction, it has been found that where the thickness d of the lubricant
55 forming an object to be detected changes as shown by the broken line in Fig. 25, the intensity of light detected by
the light receiving element 54 changes correspondingly, and any provision is therefore needed to maintain the thickness
d of the lubricant 55 at a constant value.
[0008] In view of the above, such an alternative construction, although it has also not yet been known, has been
contemplated, in which, for example, as shown in Fig. 26, one end of an optical fiber 56 on a light emitting side and one
end of an optical fiber 57 on a light receiving side are so arranged as to oppose to each other with the lubricant 55
intervening therebetween and the light emitting element 53 and the light receiving element 54 are arranged in proximity
to the other ends of the optical fibers 56 and 57 on the light emitting and receiving sides, respectively.
[0009] With the construction shown in Fig. 26, rays of light emitted from the light emitting element 53 are transmitted
across the lubricant 55, positioned at a measuring site 58, through the light emitting optical fiber 56 and are subsequently
detected by the light receiving element 54 through the light receiving optical fiber 57, whereby the amount of foreign
matter admixed in the lubricant 55 can be estimated from the intensity of the transmitted light detected by the light
receiving element 54. In this case, since the surface area of each of the optical fibers 56 and 57 at the measuring site
58 can be minimized, ingress of the lubricant 55 into the measuring site 58 can be facilitated and the lubricant once
entering the measuring site 58 can easily be maintained at a constant thickness.
[0010] However, even with the construction shown in Fig. 26, the measuring site 58 requires a vessel of a structure
designed to maintain the thickness d of the lubricant 55 at a constant value and, therefore, the freedom of arrangement
within, for example, a bearing assembly is lowered particularly where it is used in detecting the status of deterioration
of the lubricant of a kind sealed within the bearing assembly.
[0011] US 2005/088646 A1 (Fig. 5) discloses an apparatus for measuring oil oxidation which comprises a first light-re-
flecting mirror 30, window 28, a second light-reflecting mirror 32, ultraviolet light-emitting means 22, a pair of first light-
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transmitting means (fibers) 24 which are connected to said light-emitting means 22, and first and second light-transmitting
means (fibers) 26 connected to first and second light-receiving means 34, 36. The reflecting means are located in oil
50 in oil tank 52 and the light is provided to and from the oil via first and second optical window 28, 29. The output P1
from first light-receiving means 34 having a light-passing distance of "2d1"and the output P2 from second light-receiving
means 36 having a light-passing distance of "2d2" are expressed in an equation which determines the absorption based
only on the difference "d2-d1". A control portion determines the status of the oil on the basis of the measured light
absorption coefficient by using pre-stored reference values.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide a lubricant deterioration detecting device having a high degree
of freedom in arranging within the bearing assembly or the like and capable of stably detecting the status of deterioration
of the lubricant without being affected by the thickness of the lubricant and a change in temperature and also to provide
a detecting device incorporated bearing assembly equipped with such lubricant deterioration detecting device.
[0013] The lubricant deterioration detecting device of the present invention is defined according the appended claims.
[0014] As described above, since this lubricant deterioration detecting device is so designed that while the plural light
detecting components are arranged, for example, in line with their light detecting faces sequentially displaced in position,
the status of deterioration of the lubricant can be detected when the signal strengths of the outputs of those light detecting
components are compared with each other by the determining unit, the status of deterioration of the lubricant can be
detected without being affected by the thickness of the lubricant itself, the intensity of light emitted from the light source
and the distance between the light source and the light detecting components, when such detection is made with the
plural light detecting components arranged in the lubricant.
[0015] As a result, even where the lubricant deterioration detecting device is arranged within the bearing assembly,
a large freedom of arrangement is available and construction is possible to accommodate to the limited available space
for installation. Considering that the status of deterioration of the lubricant is detected by comparing the respective signal
strengths of the outputs of the plural light detecting components, a stable detection can be accomplished without being
adversely affected by common mode noises such as a power source variation. Also, arrangement of the light detecting
components within the lubricant is effective in that influences brought about by a temperature dependent change in
characteristic can be counterbalanced among the plural light detecting components and, accordingly, a highly accurate
detection can be accomplished.
[0016] In the present invention, the determining unit referred to above may be of a type capable of estimating an
amount of the alien substance admixed into the lubricant through comparison of the signal strengths referred to above.
[0017] By way of example, where the lubricant is filled within the bearing assembly, foreign matter such as, for example,
powdery wear debris is trapped into the lubricant as the bearing assembly is used in practice and, therefore, a detection
output of the determining unit becomes low as the amount of the alien substance admixed increases. Accordingly, the
amount of the alien substance admixed into the lubricant can be estimated from the value of the detection output of the
determining unit. On the other hand, since increase of the amount of the alien substance admixed means a progress of
deterioration of the lubricant, the determining unit can detect the status of lubricant from the estimated amount of the
alien substance admixed.
[0018] In the present invention, each of the light detecting components referred to above includes a detector and a
light guide element having one end in the form of a base end connected with the detector and the other end in the form
of a free end forming the light detecting face. Since even in this construction, the plural light detecting components have
their detecting faces sequentially displaced in position, the status of deterioration of the lubricant can be detected without
being affected by the thickness of the lubricant itself, the intensity of the light source and the distance between the light
source and the light detecting components.
[0019] In the present invention, each of the light detecting components referred to above may include a detector and
an optical fiber having one end in the form of a base end connected with the detector and the other end in the form of
a free end forming the light detecting face. Where the optical fibers are employed, a detecting site, where the plural light
detecting components are arranged, can have a reduced thickness and, therefore, the lubricant can be allowed to enter
the detecting site easily and a stable detection can be accomplished accordingly.
[0020] In the present invention, the light source may be in the form of a linear-shaped light source. Where the light
source is in a line shape, the intensity of light incident on the detecting site comes to be uniform regardless of the position
and, therefore, a stable detection is possible.
[0021] In the present invention, the determining unit referred to above may be of a type capable of calculating a light
transmittance of the lubricant. Since the light transmittance of the lubricant attenuates as the deterioration of the lubricant
proceeds accompanied by, for example, an increase of the amount of the alien substance admixed within the lubricant,
calculation of the light transmittance of the lubricant can lead to detection of the status of deterioration of the lubricant.
[0022] In the present invention, the determining unit includes a selector section for excluding, from the output signals
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of the plural light detecting components, output signals of a light detecting components which generate a saturated
output, and output signals of light detecting components indicative of a detected light intensity not attaining a predeter-
mined value, in order to use respective output signals of the rest of the light detecting components for detection of the
status of deterioration of the lubricant.
[0023] It may occur that depending on the intensity of light emitted from the light source, some of the light detecting
components may generate a saturated output or generate no output. However, even in such case, it is possible to select,
by means of the selector section, comparison output of the light detecting components then generating a proper output
and then to assuredly detect the status of deterioration of the lubricant from a broad range of locations.
[0024] The lubricant deterioration detecting device of the present invention may include two light detecting components
of the kind referred to above.
[0025] According to the lubricant deterioration detecting device of the construction described above, rays of light from
the light source are attenuated before they reach the light detecting components as they are absorbed and/or scattered
on the way, and the intensity of such light is detected by the first light detecting components. When using as reference,
the output of the second light detecting component to which light arrives first, the output of the second light detecting
component is evaluated, it is possible to detect the amount of light attenuated due to the distance between the two light
detecting components. In this way, since construction is employed, in which the amount of light attenuated due to the
distance between the two light detecting components can be detected, if the spacing between the light detecting com-
ponents is fixed, measurement, which does not depend on the distance from the light source and the intensity of the
light source, can be accomplished. Accordingly, if this output difference is used, estimation of the status of deterioration
of the lubricant, for example, the amount of, for example, alien substance, generated as a result of frictional wear,
admixed can be estimated without being adversely affected by, for example, the thickness of the lubricant.
[0026] Since the distance between the light source and the light detecting components need not be fixed, the degree
of freedom of arrangement comes to be high and construction is possible to accommodate to the limited space available
for installation. Also, because of the construction in which the signal strengths of the two light detecting components are
compared to achieve the detection, a stable detection can be accomplished without adversely affected by common mode
noises such as variation in electric power supply. Even though the two light detecting components are arranged within
the lubricant, changes in characteristic resulting from change in temperature between the two light detecting components
can be counterbalanced and, hence, an accurate detection can be accomplished.
[0027] In the present invention, a temperature sensor may be provided at a position in proximity to the light detecting
components. In the case of this construction, by allowing the temperature sensor to monitor the temperatures of the
lubricant and the light detecting components, correction appropriate to the temperature dependent change can be applied
to the detection result. Accordingly, a further accurate detection can be accomplished and the possibility that a change
in detected signal resulting from a change in ambient temperature would be erroneously determined as resulting from
the deterioration of the lubricant can be avoided.
[0028] In the lubricant deterioration detecting device according to the present invention, a light amount adjusting unit
may be provided for adjusting an amount of light of the light source so that an output of one of the two light detecting
components, which is closest the light source, attains a predetermined constant value.
[0029] With the lubricant deterioration detecting device of the construction described above, even though the amount
of light received is likely to overflow or underflow as a result of a considerable change in thickness of the lubricant 6
and/or in light transmittance, the light amount adjusting unit automatically adjusts the amount of light of the light source
so that the output of the light detecting component can attain a predetermined constant value and, accordingly, a stabilized
detection can be accomplished. Accordingly, when the difference between the respective outputs of the two light detecting
components is used, estimation of the status of deterioration of the lubricant, for example, estimation of the amount of
the alien substance, generated as a result of, for example, frictional wear, which is admixed can be accomplished.
[0030] Since the distance between the light source and the light detecting components need not be fixed, the degree
of freedom of arrangement comes to be high and construction is possible to accommodate to the limited space limited
space available for installation. Also, because of the construction in which the signal strengths of the two light detecting
components are compared to achieve the detection, a stable detection can be accomplished without adversely affected
by common mode noises such as variation in electric power supply. Even though the two light detecting components
are arranged within the lubricant, changes in characteristic resulting from change in temperature between the two light
detecting components can be counterbalanced and, hence, an accurate detection can be accomplished.
[0031] In the lubricant deterioration detecting device according to the present invention, a light amount adjusting unit
may be provided for adjusting an amount of light of the light source so that an output of one of the two light detecting
components, which is remotest from the light source, attains a predetermined constant value.
[0032] Even with the lubricant deterioration detecting device of the construction described above, effects similar to
those afforded by the lubricant deterioration detecting device according to the above described invention can be obtained.
[0033] In the lubricant deterioration detecting device of the present invention, an amplifying unit for amplifying an
output of each of the light detecting components and a unit for adjusting a gain of the amplifying unit may be provided,
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in which case the determining unit compares the outputs amplified by the amplifying unit to detect the status of deterioration
of the lubricant and wherein the gain adjusting unit adjusts a gain of the amplifying unit to allow the output of each of
the light detecting components, which has been amplified by the amplifying unit, to attain a value within a predetermined
range.
[0034] According to the lubricant deterioration detecting device of the construction described above, even though the
outputs of the light detecting components amplified by the amplifying unit are likely to overflow or underflow as a result
of a considerable change in thickness of the lubricant and/or in light transmittance, the gain adjusting unit adjusts the
gain of the amplifying unit and, accordingly, a stable measurement can be accomplished. Accordingly, when the difference
between the respective outputs of the two light detecting components is used, estimation of the status of deterioration
of the lubricant, for example, estimation of the amount of the alien substance, generated as a result of, for example,
frictional wear, which is admixed can be accomplished.
[0035] Since the distance between the light source and the light detecting components need not be fixed, the degree
of freedom of arrangement comes to be high and construction is possible to accommodate to the limited space available
for installation. Also, because of the construction in which the signal strengths of the two light detecting components are
compared to achieve the detection, a stable detection can be accomplished without adversely affected by common mode
noises such as variation in electric power supply. Even though the two light detecting components are arranged within
the lubricant, changes in characteristic resulting from change in temperature between the two light detecting components
can be counterbalanced and, hence, an accurate detection can be accomplished.
[0036] In the lubricant deterioration detecting device of the present invention, two light detecting components are
provided therein and each of the light detecting components may include a detector and a optical fiber bundle having
one end in the form of a base end connected with the detector and the other end in the form of a free end forming a light
detecting face.
[0037] According to this construction, the amount of light attenuated after having passed across the thickness of the
sample, which corresponds to the displacement in position of the free ends of the two bundles of optical fibers, can be
detected by comparison of the signal outputs from the two detectors. For this reason, without being adversely affected
by the thickness of the sample itself, the amount of the sample, the intensity of the light source and the distance from
the light source to the light detectors, the light transmittance of the sample can be stably and accurately detected. As a
result thereof, even when the transmittance detecting device is incorporated in, for example, the bearing assembly or
the like, the degree of freedom of arrangement comes to be high and construction is possible to accommodate to the
limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected by
comparing the respective signal outputs of the light detectors, a stable detection can be accomplished without being
adversely affected by common mode noises such as a power source variation. In addition, since the optical fibers are
employed and since a sufficient light receiving surface area can be secured on the light receiving side, not only can the
intensity of received light be obtained with the light detectors, but also any variation in thickness of the sample depending
on the position can be cancelled and, hence, even in this respect, the light transmittance can be stably measured.
[0038] In the lubricant deterioration detecting device including the optical fiber bundles described above, a temperature
sensor may be positioned proximate to the free ends of the optical fiber bundles, in which case, the use may be made
of a correcting unit for correcting an output of the determining unit based on a detected value of the temperature sensor.
In the case of this construction, the possibility that a change in detected signal resulting from a change in ambient
temperature would be erroneously determined as resulting from the deterioration of the lubricant can be avoided.
[0039] In the lubricant deterioration detecting device including the optical fiber bundles as described above, each of
the respective free ends of the optical fiber bundles may be arranged in line. In the case of this construction, since the
light receiving unit can have a thin structure, deterioration of the lubricant distributed in a planar shape can be detected
effectively.
[0040] In the lubricant deterioration detecting device including the bundles of optical fibers, the light source may be in
the form of a linear-shaped light source corresponding to a line shaped arrangement of the free ends of the bundles of
optical fibers. If the light source is employed in the form of a linear-shaped light source, the light receiving efficiency can
be increased.
[0041] In the lubricant deterioration detecting device including the bundles of optical fiber, the optical fiber bundles
have respective free end faces planarly arranged. The light source is preferably a planar light source corresponding to
the planar shape in which the free ends of the bundle of optical fibers are arranged. In the case of this construction,
averaging can be made even though the distribution of thickness of the lubricant varies and, therefore, a stable meas-
urement can be accomplished without such variation adversely affecting the measured value. Also, merely positioning
of the light source in face-to-face relation with the bundled optical fiber array having the lubricant 6 deposited on the free
end face thereof makes it possible to accomplish the stabilized measurement.
[0042] A detecting device incorporated bearing assembly of the present invention is of a type in which the lubricant
deterioration detecting device of any one of the constructions described above in accordance with the present invention
is mounted.
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[0043] According to this construction, deterioration of the lubricant filled within the bearing unit can be accurately
detected in real time or regularly. As a result, prior to an actual occurrence of an abnormality in the bearing device, the
necessity of replacement of the lubricant can be judged and it is possible to prevent the bearing device from being
damaged as a result of the defective lubricant. Also, since the necessity of replacement of the lubricant can be determined
in reference to the output of the lubricant deterioration detecting device, the amount of the lubricant which may be
discarded prior to the lifetime of use can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] In any event, the present invention will become more clearly understood from the following description of
preferred embodiments thereof, when taken in conjunction with the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illustration and explanation, and are not to be taken as limiting the
scope of the present invention in any way whatsoever, which scope is to be determined by the appended claims. In the
accompanying drawings, like reference numerals are used to denote like parts throughout the several views, and:

Fig. 1A is a schematic structural diagram showing a lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 1B is a block diagram showing a determining unit employed in the lubricant deterioration detecting device
according to the above embodiment;
Fig. 2 is a chart showing the relation between the light transmitting distance, over which rays of light are transmitted
through a lubricant, and the intensity of the transmitted light;
Fig. 3 is a perspective view showing a specific constructional example of the lubricant deterioration detecting device
according to the above embodiment;
Fig. 4 is a schematic structural diagram showing a portion of the lubricant deterioration detecting device according
to an example of the present disclosure;
Fig. 5 is a schematic structural diagram showing the lubricant deterioration detecting device according to a an
example of the present disclosure;
Fig. 6 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 7 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 8 is a schematic structural diagram showing the lubricant deterioration detecting device according to an example
of the present disclosure;
Fig. 9 is a schematic structural diagram showing the lubricant deterioration detecting device according to an example
of the present
Fig. 10 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 11 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 12 is a schematic structural diagram showing the lubricant deterioration detecting device according to an example
of the present disclosure;
Fig. 13 is a specific structural diagram showing an amplifying unit and a gain adjusting unit both employed in the
lubricant deterioration detecting device;
Fig. 14 is another specific structural diagram showing the amplifying unit and the gain adjusting unit both employed
in the lubricant deterioration detecting device;
Fig. 15 is a further specific structural diagram showing the amplifying unit and the gain adjusting unit both employed
in the lubricant deterioration detecting device;
Fig. 16 is a yet further specific structural diagram showing the amplifying unit and the gain adjusting unit both
employed in the lubricant deterioration detecting device;
Fig. 17 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 18 is a schematic structural diagram showing the lubricant deterioration detecting device according to a preferred
embodiment of the present invention;
Fig. 19 is a schematic structural diagram showing the lubricant deterioration detecting device which is a lubricant
deterioration detecting device according to a preferred embodiment of the present invention;
Fig. 20 is a perspective showing a specific structural example of a light receiving side of the lubricant deterioration
detecting device;
Fig. 21 is a perspective view showing another specific structural example of the lubricant deterioration detecting
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device;
Fig. 22 is a sectional view showing an example of a lubricant deterioration detector incorporated bearing assembly
equipped with the lubricant deterioration detecting device referred to above;
Fig. 23 is a sectional view showing another example of the lubricant deterioration detector incorporated bearing
assembly equipped with the lubricant deterioration detecting device referred to above;
Fig. 24 is a sectional view showing a further example of a lubricant deterioration detector incorporated bearing
assembly equipped with the lubricant deterioration detecting device referred to above;
Fig. 25 is a schematic structural diagram showing the suggested example of the lubricant deterioration detecting
device; and
Fig. 26 is a schematic structural diagram showing the different suggested example of the lubricant deterioration
detecting device.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0045] A preferred embodiment of the present invention will be described with particular reference to Figs. 1A, 1B to
Fig. 3. Fig. 1A illustrates a schematic structural diagram of a lubricant deterioration detecting device according to this
embodiment. This lubricant deterioration detecting device 1 includes a light source 2, a plurality of light detecting com-
ponents 3 for detecting rays of light emitted from the light source 2 and subsequently transmitted through an object to
be detected in the form of a lubricant 6, and a determining unit 5 for comparing respective signal strengths of outputs
of the plural light detecting components 3 to detect the status of deterioration of the lubricant 6. The lubricant 6 forming
the object to be detected is a lubricant filled within, for example, a bearing assembly. The plural light detecting components
3 are arranged in line and have their light detecting faces displaced sequentially a predetermined distance d in position
in a direction of travel of the rays of light. Also, each of the detecting elements 3 is arranged within the lubricant 6.
[0046] In this embodiment, each of the light detecting components 3 is made up of a detector 11A and a light guide
element 11B having one end in the form of a base end connected with the detector 11A and the other end in the form
of a free end forming the light detecting face referred to above. The detectors 11A are formed in an array in which they
are arranged in the same position relative to the direction of travel of the rays of light. In contrast thereto, the light guide
elements 11B have varying lengths so that the free ends thereof occupy respective positions sequentially displaced a
predetermined distance d relative to the direction of travel of the rays of light. In this way, the respective positions of the
light detecting faces of the plural light detecting components are sequentially displaced the predetermined distance d
relative to the direction of travel of the rays of light. For the detector 11A, a photodiode, a phototransistor, a CDS, a solar
cell or a photomultiplier may be employed. Each of the light guide elements 11B is made of a transparent material such
as, for example, a cylindrical synthetic resin or glass and the free end thereof, which defines the light detecting face,
represents a transparent round window, and an outer peripheral surface of each of the light guide elements 11B is coated
with a reflective material so that the rays of light incident on the corresponding light detecting face can travel therethrough
towards the associated detector 11A.
[0047] It is to be noted that for each of the light guide elements 11B, an optical fiber may be employed. In the case
that the optical fibers are employed, a detecting site, where the plural light detecting components 3 are arranged, can
be thinned and, therefore, ingress of the lubricant 6 into the detecting site can be facilitated to accomplish a stabilized
detection.
[0048] Also, in correspondence with the light detecting components 3 arranged in line, the light source 2 is preferably
in the form of a linear-shaped light source. Where the light source 2 is in the form of the linear-shaped light source in
correspondence with the line arrangement of the light detecting components 3, the intensity of light incident on the
detecting site becomes uniform regardless of the position and, therefore, a stable detection can be accomplished. For
the light source 2, an LED, an incandescent bulb, a semiconductor laser diode, an EL, an organic EL or a fluorescent
tube may be employed.
[0049] The determining unit 5 includes a determining section 14 and a selecting section 15 as shown in Fig. 1B. The
determining section 14 is a circuit made up of, for example, a plurality of differential amplifiers 16 each operable to
compare the respective signal strengths of outputs from a set of the neighboring light detecting components 3 that are
displaced a distance d from each other. The selecting section 15 is a circuit operable to exclude, based on the intensity
of light, some of the light detecting components 3, which generate a saturated output and/or which generate no output,
and to select a result of comparison made by the determining section 14 associated with each of the sets of the neighboring
light detecting components 3 that have generated a proper output.
[0050] It occurs that depending on the intensity of light emitted from the light source 2, some of the light detecting
components 3 may generate a saturated output or no output. Even in such case, the comparison output from the light
detecting components 3 that have generated a proper output can be selected by the selecting section 15 and, therefore,
the status of deterioration of the lubricant 6 can be detected assuredly.
[0051] It is to be noted that although in Fig. 1B, the determining section 14 of the determining unit 5 has been shown
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and described as made up of the differential amplifiers 16 each operable to determine the difference in signal strength
of the outputs of the neighboring light detecting components 3, the present invention is not always limited to the use of
the differential amplifiers for the determining section 14 and any circuit configuration capable of determining the ratio of
the signal strengths of the respective outputs of the neighboring light detecting components 3 may be employed.
[0052] In the lubricant deterioration detecting device 1 of the construction described hereinabove, the intensity of light
transmitted through the lubricant 6 attenuates considerably depending on the distance over which the rays of light travel.
The relation between the intensity of the transmitted light and the light transmitting distance is shown in the chart of Fig.
2. This relation is expressed by the following equation (1), where the intensity of the transmitted light (the amount of the
transmitted light) is expressed by I, the light transmitting distance is expressed by x and the intensity of light incident on
the lubricant 6 is expressed by Iin, and α represents a constant. 

[0053] Hence, the respective signal strengths I0 and I1 of the outputs of the neighboring light detecting components
3 having light detecting faces which are held at respective locations spaced distances x0 and x1, is expressed by the
following equations (2) and (3): 

 Where the determining unit 5 is of a type capable of determining the ratio of the respective signal strengths of the outputs
of the neighboring light detecting components 3 that are displaced a distance d from each other, a detected output of
the determining unit 5 is expressed by the following equation (4): 

In other words, the detected output of the determining unit 5 is a value dependent on the distance d of the light detecting
faces of the neighboring light detecting components 3 regardless of the thickness of the lubricant 6 itself. Since this
relation establishes among the light detecting components 3 that are arrayed, the detected output of the determining
unit 5 may be secured using outputs of any of the light detecting components 3.
[0054] Also, the constant α in the equation (4) above varies depending on the status of the lubricant 6. By way of
example, where the lubricant 6 is of a kind filled in the bearing assembly, foreign matter such as, for example, powdery
wear debris are admixed into the lubricant 6 as the bearing assembly is used in practice, and the constant α increases
with an increase of the amount of the alien substance admixed. Accordingly, in the case where the determining unit 5
determines the ratio of the signal strengths of the neighboring light detecting components 3 that are displaced the distance
d from each other as hereinabove described, the light transmittance of light having traveled along an optical path of the
distance d in the lubricant 6 is detected and, hence, it is possible to estimate from the value of the detected output the
amount of the alien substance admixed into the lubricant 6. Also, since an increase of the amount of the alien substance
admixed means a progress of deterioration taking place in the lubricant 6, the determining unit 5 can detect the status
of deterioration of the lubricant 6 from the amount of the alien substance estimated.
[0055] It is to be noted that the determining unit 5 referred to above may be of a type capable of determining the
difference between the signal strengths of the neighboring detecting elements 3 that are displaced the distance d from
each other. Since even in such case the determining unit 5 determines the light transmittance of the light transmitted
the distance d in the lubricant 6, the amount of the alien substance admixed into the lubricant 6 can be estimated from
the detected output thereof and, in turn, the status of deterioration of the lubricant 6 can be detected from the estimated
amount of the alien substance admixed.
[0056] As hereinabove described, this lubricant deterioration detecting device 1 is so designed and so configured that
while the plural light detecting components 3 are arranged with their light detecting faces held displaced the distance d
from each other relative to the direction of travel of rays of light, the signal strengths of the outputs of the neighboring
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light detecting components 3 can be compared by the determining unit 5 to detect the status of deterioration of the
lubricant 6. Accordingly, the status of deterioration of the lubricant 6 can be detected without being adversely affected
by the thickness of the lubricant 6 itself, the intensity of the light source 2, and/or the distance from the light source 2 to
the light detecting components 3.
[0057] Also, even in the case where, in view of the plural light detecting components 3 arranged, some of the light
detecting components 3 generate a saturated output or no output depending on the intensity of light, the selecting section
15 of the determining unit 5 can select, out of a plurality of detection results generated by the determining section 14 of
the determining unit 5, respective comparison outputs of each of the sets of the neighboring light detecting components
3 that provide a proper output to enable a assured detection of the status of deterioration of the lubricant 5 from a broad
range of locations.
[0058] As a result, even when the lubricant deterioration detecting device 1 is incorporated in, for example, the bearing
assembly or the like, degree of freedom of arrangement comes to be high and construction is possible to accommodate
to the limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected
by comparing the respective signal strengths of the outputs of the plural light detecting components 3, a stable detection
can be accomplished without being adversely affected by common mode noises such as a power source variation. In
addition, arrangement of the light detecting components 3 within the lubricant 6 is effective in that influences brought
about by a temperature dependent change in characteristic can be counterbalanced among the neighboring light detecting
components 3 and, accordingly, a highly accurate detection can be accomplished.
[0059] It is to be noted that in the construction described above, arrangement may be made that the result of detection
can be made based on a change in temperature by disposing a temperature sensor in proximity of the light detecting
components 3 for monitoring the temperatures of the lubricant 6 and the light detecting components 3. More specifically,
for example, a circuit may be employed for correcting the detection signal generated at the temperature measured at
the time of actual use, if a change in detection signal with change in temperature is beforehand measured. In such case,
by sensing the temperature of the lubricant 6, it is possible to avoid the possibility that a change in detection signal with
change in ambient temperature would be erroneously determined as resulting from deterioration of the lubricant 6. In
this way, an accurate detection can be accomplished.
[0060] Also, in the construction described above, the determining unit 5 may include a comparing circuit for comparing
a detection signal, which is obtained by comparing the respective signal strengths of the outputs from the neighboring
light detecting components 3 with each other, with a predetermined reference value. In such case, the status of deteri-
oration of the lubricant 6 can be easily determined as exceeding a predetermined level and, accordingly, it can be used
as an indication of the time of replacement.
[0061] Fig. 3 illustrates a specific example of the lubricant deterioration detecting device 1 shown in Fig. 1A. In this
example, in a planar housing 17 having a groove 18, the plural light detecting components 3 are arranged planarly along
one side wall of the groove 18 and the light source 2 is arranged along the opposite side wall of the groove 18 so that
the lubricant 6 flowing into the groove 18 can be detected.
[0062] Where the lubricant deterioration detecting device 1 is so constructed as hereinabove described, the status of
deterioration of the lubricant 6 entering in the groove 18 and distributed on the flat can be detected.
[0063] It is to be noted that in the embodiment shown in Figs. 1A, 1B to 3, each of the light detecting components 3
has been shown and described as made up of the detector 11A and the light guide element 11B. In the example of the
disclosure shown in Fig. 4, the light detecting components 3 may be comprised of only the associated detectors, with
the corresponding light guide element 11B dispensed of, and the detectors may be so arranged to have their light
detecting faces held displaced a predetermined distance d sequentially from each other.
[0064] An example of the present disclosure will be described with particular reference to Fig. 5. Fig. 5 illustrates a
schematic structural diagram showing the lubricant deterioration detecting device. This lubricant deterioration detecting
device 1 includes a light source 2, two light detecting components 3 and 4 for detecting rays of light emitted from the
light source 2 and subsequently transmitted through an object to be detected in the form of a lubricant 6, and a determining
unit 5 for comparing respective signal strengths of outputs of the light detecting components 3 and 4 to detect the status
of deterioration of the lubricant 6. The lubricant 6 forming the object to be detected is a lubricant filled within, for example,
a bearing assembly. The light detecting components 3 and 4, which have their light detecting faces displaced a prede-
termined distance d in position in a direction of travel of the rays of light, are coupled with each other to form an integrated
component part. Also, the two detecting elements 3 and 4 are arranged within the lubricant 6. In this way, the difference
in thickness of the lubricant defined as a distance from a light incident surface of the lubricant 6 to the light detecting
face of each of the light detecting components 3 and 4 is a value expressed by d.
[0065] For the light source 2, an LED, an incandescent bulb, a semiconductor laser diode, an EL, an organic EL or a
fluorescent tube may be employed. Also, for each of the light detecting components 3 and 4, a photodiode, a phototran-
sistor, a CDS, a solar cell or a photomultiplier may be employed. In Fig. 5, the determining unit 5 is employed in the form
of a differential amplifying circuit capable of determining the difference between the respective signal strengths of the
outputs of the two light detecting components 3 and 4, but the present invention may not always limited thereto and any
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circuit configuration capable of determining the ratio of the signal strengths of the respective outputs of the two light
detecting components 3 and 4 may be employed.
[0066] Also, the constant α in the equation (4) described previously varies depending on the status of the lubricant 6.
By way of example, where the lubricant 6 is of a kind filled in the bearing assembly, foreign matter such as, for example,
powdery wear debris are admixed into the lubricant 6 as the bearing assembly is used in practice and, accordingly, the
constant α increases with an increase of the amount of the alien substance admixed. Therefore, in the case where the
determining unit 5 determines the ratio of the signal strengths of the light detecting components 3 and 4 as hereinabove
described, the light transmittance of light having traveled the distance d within the lubricant 6 is detected and, hence, it
is possible to estimate from the value of the detected output the amount of the alien substance admixed into the lubricant
6. Also, since an increase of the amount of the alien substance admixed means a progress of deterioration taking place
in the lubricant 6, the determining unit 5 can detect the status of deterioration of the lubricant 6 from the amount of the
alien substance estimated.
[0067] It is to be noted that the determining unit 5 may be of a type capable of determining the difference between the
respective signal strengths of the two light detecting components 3 and 4. Even in this case, the determining unit 5
detects the light transmittance of rays of light transmitted the distance d within the lubricant 6 and, accordingly, the
amount of the alien substance admixed into the lubricant 6 can be estimated from the detected output thereof and the
status of deterioration of the lubricant 6 can accordingly detected from the amount of the alien substances so estimated.
[0068] As hereinabove described, this lubricant deterioration detecting device 1 is so designed that the two light
detecting components 3 and 4 are arranged with their light detecting faces displaced from each other the distance d
relative to the direction of travel of the rays of light so that the respective signal strengths of the outputs of the two light
detecting components 3 and 4 can be compared by the determining unit 5 to detect the status of deterioration of the
lubricant 6. Accordingly, the status of deterioration of the lubricant 6 can be detected without being adversely affected
by the thickness of the lubricant 6 itself, the intensity of the light source 2 and/or the distance from the light source 2 to
the light detecting components 3 and 4.
[0069] As a result, even when the lubricant deterioration detecting device 1 is incorporated in, for example, the bearing
assembly or the like, the degree of freedom of arrangement comes to be high and construction is possible to accommodate
to the limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected
by comparing the respective signal strengths of the outputs of the light detecting components 3 and 4, a stable detection
can be accomplished without being adversely affected by common mode noises such as a power source variation. In
addition, arrangement of the light detecting components 3 and 4 within the lubricant 6 is effective in that influences
brought about by a temperature dependent change in characteristic of those two light detecting components 3 and 4
can be counterbalanced and, accordingly, a highly accurate detection can be accomplished.
[0070] It is to be noted that in the construction described above, arrangement may be made that the result of detection
can be made based on a change in temperature by disposing a temperature sensor in proximity of the two light detecting
components 3 and 4 for monitoring the temperatures of the lubricant 6 and the light detecting components 3 and 4. More
specifically, for example, a circuit may be employed for correcting the detection signal generated at the temperature
measured at the time of actual use, if a change in detection signal with change in temperature is beforehand measured.
In such case, by sensing the temperature of the lubricant 6, it is possible to avoid the possibility that a change in detection
signal with change in ambient temperature would be erroneously determined as resulting from deterioration of the
lubricant 6. In this way, an accurate detection can be accomplished.
[0071] Also, in the construction described above, the determining unit 5 may include a comparing circuit for comparing
a detection signal, which is obtained by comparing the respective signal strengths of the outputs from the two light
detecting components 3 and 4 with each other, with a predetermined reference value. In such case, the status of
deterioration of the lubricant 6 can be easily determined as exceeding a predetermined level and, accordingly, it can be
used as an indication of the time of replacement.
[0072] Fig. 6 illustrates a schematic structural diagram showing the lubricant deterioration detecting device according
to a preferred embodiment of the present invention. This lubricant deterioration detecting device 1 is similar to that
according to the example shown in and described with reference to Fig. 5, but differs therefrom in that the two light
detecting components 3 and 4 are respectively made up of a detector 11A and 12A and a light guide element 11B and
12B. More specifically, one of the light detecting components 3 is made up of the detector 11A and the light guide element
11B having a base end connected with the detector 11A and a free end defining a light detecting face, while the other
of the light detecting component 4 is made up of the detector 12A and the light guide element 12B having a base end
connected with the detector 12A and a free end defining a light detecting face. For each of the detectors 11A and 12A,
a photodiode, a phototransistor, a CDS, a solar cell or a photomultiplier may be employed. In this case, the two detectors
11A and 12A are juxtaposed at the same position relative to the direction of travel of the rays of light. In contrast thereto,
the two light guide elements 11B and 12B have varying lengths so that their free ends are held displaced the predetermined
distance d from each other relative to the direction of travel of the rays of light. Accordingly, the respective positions of
the light detecting faces of those two light detecting components 3 and 4 are displaced the predetermined distance d
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from each other relative to the direction of travel of the rays of light. Each of the light guide elements 11B and 12B is
made of a transparent material such as, for example, a cylindrical synthetic resin or glass and the free end thereof, which
defines the light detecting face, represents a transparent round window, and an outer peripheral surface of each of the
light guide elements 11B and 12B is coated with a reflective material. It is to be noted that each of the light guide elements
11B and 12B may not be always limited to that having a cylindrical shape, but may have a rectangular sectioned tubular
shape. Other structural features than those described above are similar to those employed in the above example.
[0073] Even in the case of the lubricant deterioration detecting device 1, since the two light detecting components 3
and 4 are so arranged as to have their light detecting faces held displaced the distance d from each other relative to the
direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected without being adversely
affected by thickness of the lubricant 6 itself, the intensity of the light source 2 and/or the distance from the light source
2 to the light detecting components 3 and 4.
[0074] Fig. 7 illustrates a schematic structural diagram showing a preferred embodiment of the present invention. The
lubricant deterioration detecting device 1 according to this embodiment is similar to that according to the above example
shown in and described with reference to Fig. 5, but differs therefrom in that the two light detecting components 3 and
4 are respectively made up of a detector 11A and 12A and an optical fiber 11C and 12C. More specifically, the light
detecting component 3 is made up of the detector 11A and the optical fiber 11C having a base end connected with the
detector 11A and a free end defining the light detecting face, while the light detecting components 4 is made up of the
detector 12A and the optical fiber 12C having a base end connected with the detector 12A and a free end defining the
light detecting face. For each of the detectors 11A and 12A, a photodiode, a phototransistor, a CDS, a solar cell or a
photomultiplier may be employed. In this case, the two detectors 11A and 12A are juxtaposed at the same position
relative to the direction of travel of the rays of light and the two optical fibers 11C and 12C have varying lengths so that
their free ends held displaced a predetermined distance d relative to the direction of travel of the rays of light. Accordingly,
the respective positions of the light detecting faces of those two light detecting components 3 and 4 are displaced the
predetermined distance d from each other relative to the direction of travel of the rays of light. Other structural features
than those described above are similar to those employed in the above example
[0075] Even in the case of the lubricant deterioration detecting device 1, since the two light detecting components 3
and 4 are so arranged as to have their light detecting faces held displaced the distance d from each other relative to the
direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected without being adversely
affected by thickness of the lubricant 6 itself, the intensity of the light source 2 and/or the distance from the light source
to the light detecting components 3 and 4.
[0076] An example of the present disclosure will now be described with particular reference to Fig. 8. Fig. 8 illustrates
a schematic structural diagram showing the lubricant deterioration detecting device according to this example This
lubricant deterioration detecting device 1 includes a light source 2, two light detecting components 3 and 4 for detecting
rays of light emitted from the light source 2 and subsequently transmitted through an object to be detected in the form
of a lubricant 6, a determining unit 5 for comparing respective signal strengths of outputs of the light detecting components
3 and 4 to detect the status of deterioration of the lubricant 6, and a light amount adjusting unit 7 for adjusting the amount
of light emitted by the light source 2. The lubricant 6 forming an object to be detected is a lubricant filled within, for
example, a bearing assembly. The light detecting components 3 and 4, which have their light detecting faces displaced
a predetermined distance d in position in a direction of travel of the rays of light, are coupled with each other to form an
integrated component part. Also, the two detecting elements 3 and 4 are arranged within the lubricant 6. Hence, the
difference in thickness of the lubricant defined as a distance from a light incident surface of the lubricant 6 to the light
detecting face of each of the light detecting components 3 and 4 is a value expressed by d.
[0077] For the light source 2, an LED, an incandescent bulb, a semiconductor laser diode, an EL, an organic EL or a
fluorescent tube may be employed. Also, for each of the light detecting components 3 and 4, a photodiode, a phototran-
sistor, a CDS, a solar cell or a photomultiplier may be employed. In Fig. 8, the determining unit 5 is employed in the form
of a differential amplifying circuit capable of determining the difference between the respective signal strengths of the
outputs of the two light detecting components 3 and 5, but the present invention may not always limited thereto and any
circuit configuration capable of determining the ratio of the signal strengths of the respective outputs of the two light
detecting components 3 and 4 may be employed.
[0078] The light amount adjusting unit 7 is operable to adjust the amount of light emitted from the light source 2 so
that an output of one of the two light detecting components 3 and 4 that is closest to the light source 2, that is, an output
of the light detecting component 3 (or the amount of light incident on the light detecting component 3) can represent a
predetermined proper constant value (or a value within a constant range) by judging based on an output of the light
detecting component 3. In this case, the proper constant value (or the value within the constant range) represented by
the output of the light detecting component 3 means a value representing proper output of the light detecting component
3 corresponding to the amount of light received thereby without being saturated. It is to be noted that the amount of light
received by the light detecting component 4 remote from the light source 2 does not exceed the amount of light received
by the light detected element 3 closest to the light source 2 and, therefore, by setting the output of the light detecting
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component 3 to a value as large as possible unless saturated, a highly precise detecting system can be obtained.
[0079] The light amount adjusting unit may be composed of either an electronic circuit or that having a calculator or
a built-in computer. Also, adjustment of the amount of light of the light source 2 accomplished by the light amount
adjusting unit 7 may be performed either automatically continuously or intermittently only at the time of detection for the
status of deterioration of the lubricant 6. In addition, where heat evolution of the light source 2 is requested to be
suppressed or the maximum amount of light is desired to be increased, it is preferred that the light source 2 may be lit
only at the time of detection of the status of deterioration of the lubricant 6, instead of being lit continuously.
[0080] Also, the constant α in the equation (4) above varies depending on the status of the lubricant 6. By way of
example, where the lubricant 6 is of a kind filled in the bearing assembly, foreign matter such as, for example, powdery
wear debris are admixed into the lubricant 6 as the bearing assembly is used in practice, and the constant α increases
with an increase of the amount of the alien substance admixed. Accordingly, in the case where the determining unit 5
determines the ratio of the signal strengths of the two light detecting components 3 and 4 as hereinabove described,
the light transmittance of light having traveled along an optical path of the distance d in the lubricant 6 is detected and,
hence, it is possible to estimate from the value of the detected output the amount of the alien substance admixed into
the lubricant 6. Also, since an increase of the amount of the alien substance admixed means a progress of deterioration
taking place in the lubricant 6, the determining unit 5 can detect the status of deterioration of the lubricant 6 from the
amount of the alien substance estimated.
[0081] It is to be noted that the determining unit 5 referred to above may be of a type capable of determining the
difference between the signal strengths of the two detecting elements 3 and 4 referred to above. Since even in such
case the determining unit 5 determines the light transmittance of the light transmitted the distance d in the lubricant 6,
the amount of the alien substance admixed into the lubricant 6 can be estimated from the detected output thereof and,
in turn, the status of deterioration of the lubricant 6 can be detected from the estimated amount of the alien substance
admixed.
[0082] Also, even though the amount of light received is likely to overflow or underflow as a result of a considerable
change in thickness of the lubricant 6 and/or in light transmittance, the light amount adjusting unit 7 automatically adjusts
the amount of light of the light source 2 (to allow the output of the light detecting component 4 to attain a proper value)
so that the output of the light detecting component 3 can attain a predetermined proper constant value (or a value within
the constant range) and, accordingly, a stabilized detection can be accomplished.
[0083] As hereinabove described, this lubricant deterioration detecting device 1 is so designed and so configured that
while the two light detecting components 3 and 4 are arranged with their light detecting faces held displaced the distance
d from each other relative to the direction of travel of rays of light, the signal strengths of the outputs of the two light
detecting components 3 and 4 can be compared by the determining unit 5 to detect the status of deterioration of the
lubricant 6, and the amount of light of the light source 2 is automatically adjusted by the light amount adjusting unit 7.
Accordingly the status of deterioration of the lubricant 6 can be detected without being adversely affected by the thickness
of the lubricant 6 itself, the intensity of the light source 2 and/or the distance from the light source 2 to the light detecting
components 3.
[0084] As a result, even when the lubricant deterioration detecting device 1 is incorporated in, for example, the bearing
assembly or the like, the degree of freedom of arrangement comes to be high and construction is possible to accommodate
to the limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected
by comparing the respective signal strengths of the outputs of the two light detecting components 3 and 4, a stable
detection can be accomplished without being adversely affected by common mode noises such as a power source
variation. In addition, arrangement of the two light detecting components 3 and 4 within the lubricant 6 is effective in that
influences brought about by a temperature dependent change in characteristic can be counterbalanced among the two
light detecting components 3 and 4 and, accordingly, a highly accurate detection can be accomplished.
[0085] It is to be noted that in the construction described above, arrangement may be made that the result of detection
can be made based on a change in temperature by disposing a temperature sensor in proximity of the light detecting
components 3 and 4 for monitoring the temperatures of the lubricant 6 and the light detecting components 3 and 4. More
specifically, for example, a circuit may be employed for correcting the detection signal generated at the temperature
measured at the time of actual use, if a change in detection signal with change in temperature is beforehand measured.
In such case, by sensing the temperature of the lubricant 6, it is possible to avoid the possibility that a change in detection
signal with change in ambient temperature would be erroneously determined as resulting from deterioration of the
lubricant 6. In this way, an accurate detection can be accomplished.
[0086] Also, in the construction described above, the determining unit 5 may include a comparing circuit for comparing
a detection signal, which is obtained by comparing the respective signal strengths of the outputs from the two light
detecting components 3 and 4 with each other, with a predetermined reference value. In such case, the status of
deterioration of the lubricant 6 can be easily determined as exceeding a predetermined level and, accordingly, it can be
used as an indication of the time of replacement.
[0087] Fig. 9 illustrates a schematic structural diagram showing an example of the present disclosure. The lubricant
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deterioration detecting device 1 according to this example is similar to that according to the above example shown in
and described with particular reference to Fig. 8, but differs therefrom in that the light amount adjusting unit 7 is designed
to adjust the amount of light emitted from the light source 2 so that an output of one of the two light detecting components
3 and 4, that is remotest to the light source 2, that is, an output of the light detecting component 4 (or the amount of light
incident on the light detecting component 4) can represent a predetermined proper constant value (or a value within a
constant range) by judging based on an output of the light detecting component 4. In this case, since there is the possibility
that even though the output of the light detecting component 4 remotest to the light source 2 is a proper value, the output
of the light detecting component 3 closest to the light source 2 may be saturated, it is necessary to set the predetermined
proper constant value (or a value within the constant range) for the output of the light detecting component 4 to a low
value so that the output of the light detecting component 3 will not be saturated. Other structural features than those
described above are similar to those shown and described in connection with the above example and the same is true
of the effects.
[0088] Fig. 10 illustrates a schematic structural diagram showing a preferred embodiment of the present invention.
The lubricant deterioration detecting device 1 according to this embodiment is similar to that according in the above
example shown in and described with reference to Fig. 8, but differs therefrom in that the two light detecting components
3 and 4 are respectively made up of detectors 11A and 12A and light guide elements 11B and 12B. In other words, the
light detecting components 3 is made up of the detector 11A and the light guide element 11B having a base end connected
with the detector 11A and a free end forming the light detecting face, while the light detecting component 4 is made up
of the detector 12A and the light guide element 12B having a base end connected with the detector 12A and a free end
defining the light detecting face. For each of the detectors 11A and 12A, a photodiode, a phototransistor, a CDS, a solar
cell or a photomultiplier may be employed. In this case, the two detectors 11A and 12A are juxtaposed at the same
position relative to the direction of travel of the rays of light and the two light guide elements 11B and 12B have varying
lengths so that their free ends are held displaced the predetermined distance d from each other relative to the direction
of travel of the rays of light. Accordingly, the respective positions of the light detecting faces of those two light detecting
components 3 and 4 are displaced the predetermined distance d from each other relative to the direction of travel of the
rays of light. Each of the light guide elements 11B and 12B is made of a transparent material such as, for example, a
cylindrical synthetic resin or glass and the free end thereof, which defines the light detecting face, represents a transparent
round window, and an outer peripheral surface of each of the light guide elements 11B and 12B is coated with a reflective
material. It is to be noted that each of the light guide elements 11B and 12B may not be always limited to that having a
cylindrical shape, but may have a rectangular sectioned tubular shape. Other structural features than those described
above are similar those according to the above example.
[0089] Even in the case of the lubricant deterioration detecting device 1 of the construction described above, since
the two light detecting components 3 and 4 are arranged with their light detecting faces displaced from each other the
distance d relative to the direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected
without being adversely affected by the thickness of the lubricant 6 itself, the intensity of the light source 2 and/or the
distance from the light source 2 to the light detecting components 3 and 4.
[0090] It is to be noted that in this embodiment, the light amount adjusting unit 7 may be so designed as to adjust the
amount of light of the light source 2 based on the output of the light detecting component 4, that is remotest from the
light source 2.
[0091] Fig. 11 illustrates a schematic structural diagram showing an eighth preferred embodiment of the present
invention. The lubricant deterioration detecting device 1 according to this embodiment is similar to that according to the
above example shown in and described with reference to Fig. 8, but differs therefrom in that the two light detecting
components 3 and 4 are respectively made up of a detector 11A and 12A and an optical fiber 11C and 12C. In other
words, the light detecting component 3 is made up of the detector 11A and the optical fiber 11C having a base end
connected with the detector 11A and a free end defining the light detecting face, while the light detecting component 4
is made up of the detector 12A and the optical fiber 12C having a base end connected with the detector 12A and a free
end defining the light detecting face. For each of the detectors 11A and 12A, a photodiode, a phototransistor, a CDS, a
solar cell or a photomultiplier may be employed. In this case, the two detectors 11A and 12A are juxtaposed at the same
position relative to the direction of travel of the rays of light and the two optical fibers 11C and 12C have their free ends
held displaced a predetermined distance d relative to the direction of travel of the rays of light, as is the case with the
embodiment shown in and described with reference to Fig. 10. Even in this case, the two detectors 11A and 12A are
juxtaposed at the same position relative to the direction of travel of the rays of light and the two optical fibers 11C and
12C have different lengths so that the free ends thereof can be held displaced from each other a predetermined distance
d relative to the direction of travel of the rays of light. Accordingly, the respective positions of the light detecting faces
of those two light detecting components 3 and 4 are displaced the predetermined distance d from each other relative to
the direction of travel of the rays of light. Other structural features than those described above are similar to those
employed in the above example.
[0092] Even in the case of the lubricant deterioration detecting device 1, since the two light detecting components 3
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and 4 are so arranged as to have their light detecting faces held displaced the distance d from each other relative to the
direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected without being adversely
affected by thickness and/or light transmittance of the lubricant 6 itself, the intensity of the light source 2 and/or the
distance from the light source to the light detecting components 3 and 4.
[0093] An example of the present disclosure will now be described with particular reference to Figs. 12 to 16. Fig. 12
illustrates a schematic structural diagram showing the lubricant deterioration detecting device according to this example.
This lubricant deterioration detecting device 1 includes a light source 2, two light detecting components 3 and 4 for
detecting rays of light emitted from the light source 2 and subsequently transmitted through an object to be detected in
the form of a lubricant 6, amplifying units 20 and 21 for amplifying respective outputs of the two light detecting components
3 and 4, a determining unit 5 for comparing respective signal strengths of the outputs amplified by those amplifying units
20 and 21 to detect the status of deterioration of the lubricant 6, and gain adjusting units 24 and 25 for adjusting respective
gains of the amplifying units 20 and 21. The lubricant 6 forming an object to be detected is a lubricant filled within, for
example, a bearing assembly. The light detecting components 3 and 4, which have their light detecting faces displaced
a predetermined distance d in position in a direction of travel of the rays of light, are coupled with each other to form an
integrated component part. Also, the two detecting elements 3 and 4 are arranged within the lubricant 6. In this way, the
difference in thickness of the lubricant defined as a distance from a light incident surface of the lubricant 6 to the light
detecting face of each of the light detecting components 3 and 4 is a value expressed by d.
[0094] For the light source 2, an LED, an incandescent bulb, a semiconductor laser diode, an EL, an organic EL or a
fluorescent tube may be employed. Also, for each of the light detecting components 3 and 4, a photodiode, a phototran-
sistor, a CDS, a solar cell or a photomultiplier may be employed. In Fig. 12, the determining unit 5 is employed in the
form of a differential amplifying circuit capable of determining the difference between the respective signal strengths of
the outputs of the light detecting components 3 and 4 amplified by the respective amplifying units 20 and 21, but the
present invention may not always limited thereto and any circuit configuration capable of determining the ratio of the
signal strengths of the respective outputs of the two light detecting components 3 and 4 may be employed.
[0095] Each of the gain adjusting units 24 and 25 is operable to adjust the gain of the associated amplifying units 20
and 21 so that the output of the respective light detecting component 3 and 4 can attain a value within a predetermined
range.
[0096] Fig. 13 illustrates a constructional example of the amplifying unit 20 (21) and the associated gain adjusting unit
24 (25). The amplifying unit 20 (21) includes two, amplifiers 22 and 23, connected with each other in series, having
respective constant gains A1 and A2. The gain of the amplifying unit 20 (21) as a whole is obtained from A1 x A2, in the
case of the maximum amplification factor. The gain adjusting unit 24 (25) is made up of a comparator 26 and a switch
27. The comparator 26 is operable to compare an output from the amplifier 23 with a reference value and, in the event
that the output of the amplifier 23 exceeds the reference value, it determines that that output from the amplifier 23 is in
an overflowing condition and then generates a command to trigger the switch 27 so that the overall gain of the amplifying
unit 20 (21) can be switched from A1 x A2 to A1. While the output of the amplifying unit 20 (21) is supplied to the
determining unit 5 in the subsequent stage as an output for comparison, the determining unit 5 detects the status of
deterioration (the light transmittance) of the lubricant 6 with information on the gain of the comparator 26 taken into
consideration.
[0097] Fig. 14 illustrates another constructional example of the amplifying unit 20 (21) and the gain adjusting unit 24
(25). The amplifying unit 20 (21) is made up of two amplifiers 22 and 23, connected with each other in parallel, having
respective constant gains A1 and A2. In this case, the gain A1 is rendered to be a low gain and the gain A2 is rendered
to be a high gain. Other structural features are similar to those shown in and described with reference to Fig. 13. The
operation thereof is also similar to that of the constructional example shown in and described with reference to Fig. 13
and, in the event that the output of the amplifier 23 exceeds the reference value, it determines that an output from the
amplifier 23 is in an overflowing condition and then generates a command to trigger the switch 27 so that the overall
gain of the amplifying unit 20 (21) can be switched from A2 over to A1. The number of the amplifiers forming the amplifying
unit 20 (21) is not always limited to two such as shown, a multitude of amplifiers may be employed therefor.
[0098] Fig. 15 illustrates a further constructional example of the amplifying unit 20 (21) and the gain adjusting unit 24
(25). The amplifying unit 20 (21) is structured in the form of an inverting amplifier that is made up of an operational
amplifier 28 and parallel connected current-voltage converting resistors R1 and R2 connected with each other in parallel.
On an input side of the operational amplifier 28, the respective light detecting component 3 (4) in the form of photodiode
is connected in series with the two resistors R1 and R2 connected with each other in parallel. The resistor R1 is set to
have a low resistance and the resistor R2 is set to have a high resistance. Similarly to the constructional example shown
in and described with reference to Fig. 13, the gain adjusting unit 24 (25) is made up of a comparator 26 and a switch
27. The comparator 26 is operable to compare an output from the operational amplifier 28 with a reference value and,
in the event that the output of the operational amplifier 28 exceeds the reference value, it determines that an output from
the amplifier 23 is in an overflowing condition and then generates a command to trigger the switch 27. By so doing, the
resistor which is to be used for the current-voltage conversion can be switched from resistor R2 to resistor R1 to thereby
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lower the overall gain. It is to be noted that in this constructional example, arrangement may be made so that instead
of the switching taking place from the resistor R2 to the resistor R1, connection is normally made with only the resistor
R2, but only when the output of the operational amplifier 28 exceeds the reference value, the resistor R1 can be connected
in parallel to the resistor R2.
[0099] Fig. 16 illustrates a still further constructional example of the amplifying unit 20 (21) and the gain adjusting unit
24 (25). The amplifying unit 20 (21) is employed in the form of a voltage controlled amplifier (VCA) 29 and the gain
adjusting unit 24 (25) is employed in the form of a control voltage generator 30. The control voltage generator 30 compares
an output of the voltage controlled amplifier 29 with a reference value in order to feedback an output voltage, which is
a result of the comparison performed thereby to the voltage controlled amplifier 29, whereby the gain of the voltage
controlled amplifier 29 is changed by this output voltage. In other words, when the output of the voltage controlled
amplifier 29 is, for example, higher than the reference value, the output voltage of the control signal generator 30 becomes
lower and the gain of the voltage controlled amplifier 29, to which this low output voltage is feedback, lowers. On the
other hand, when the output of the voltage controlled amplifier 29 is lower than the reference value, the output voltage
of the control voltage generator 30 becomes higher and the gain of the voltage controlled amplifier 29, to which this high
output voltage is fed back, increases. In this way, this constructional example can have a function equivalent to the
switching performed by the switch 27 in any one of the constructional examples hereinabove described. In such case,
a change of the gain of the voltage controlled amplifier 29 may be in a multi-step fashion or a non-step fashion.
[0100] The constant α in the equation (4) described previously varies depending on the status of the lubricant 6. By
way of example, where the lubricant 6 is of a kind filled in the bearing assembly, foreign matter such as, for example,
powdery wear debris are admixed into the lubricant 6 as the bearing assembly is used in practice and, accordingly, the
constant α increases with an increase of the amount of the alien substance admixed. Therefore, in the case where the
amplifying units 20 and 21 have the same gain and the determining unit 5 determines the ratio of the signal strengths
of the respective outputs of the light detecting components 3 and 4, which have been amplified by the amplifying units
20 and 21, the light transmittance of light having traveled the distance d within the lubricant 6 is detected and, hence, it
is possible to estimate from the value of the detected output the amount of the alien substance admixed into the lubricant
6. Also, since an increase of the amount of the alien substance admixed means a progress of deterioration taking place
in the lubricant 6, the determining unit 5 can detect the status of deterioration of the lubricant 6 from the amount of the
alien substance estimated.
[0101] It is to be noted that the determining unit 5 may be of a type capable of determining the difference between the
respective signal strengths of the outputs of the two light detecting components 3 and 4 which have been amplified by
the amplifying units 20 and 21. Even in this case, the determining unit detects the light transmittance of rays of light
transmitted the distance d within the lubricant 6 and, accordingly, the amount of the alien substance admixed into the
lubricant 6 can be estimated from the detected output thereof and the status of deterioration of the lubricant 6 can
accordingly detected from the amount of the alien substances so estimated.
[0102] In this lubricant deterioration detecting device 1, in the case where, for example, the thickness of the lubricant
6 is so small, the light transmittance is so large, the intensity of the light source 2 is so large, or the distance from the
light source 2 to the light detecting component 3 is so small that the output of the light detecting component 3 may
represent a value exceeding the value within the predetermined range, the gain adjusting unit 24 lowers the gain of the
amplifying unit 20. Accordingly, the output of the light detecting component 3 amplified by the amplifying unit 20 can be
adjusted to attain the value within the predetermined range and is then supplied to the determining unit 5 as an output
for comparison purpose. The determining unit 5 compares the output of the light detecting component 3 so adjusted in
the way described above, and the value of the output of the other light detecting component 4 amplified by the amplifying
unit 21 with each other to thereby detect the light transmittance of the light traveling the distance d in the lubricant 6 (the
status of deterioration of the lubricant 6). In such case, during the detection process taking place in the determining unit
5, the change of the gain effected by the amplifying unit 20 is taken into consideration.
[0103] Also, it may occur that depending on the thickness of the lubricant, the light transmittance, the intensity of the
light source 2, or the distance from the light source 2 to the light detecting components 3 and 4, the output of the light
detecting component 3 may represent a value exceeding the value within the predetermined range and, on the other
hand, the output of the other light detecting component 4 may represent a value lower than the value within the prede-
termined range. In such case, not only does the gain adjusting unit 24 lower the gain of the amplifying unit 20, but the
gain adjusting unit 25 increases the gain of the amplifying unit 21. Accordingly, the output of the light detecting component
3 amplified by the amplifying unit 20 and the output of the light detecting component 4 amplified by the amplifying unit
21 are adjusted to represent the respective values falling within the predetermined ranges and are then supplied to the
determining unit 5 for comparison purpose. The determining unit 5 then compares the respective amplified outputs of
the light detecting components 3 and 4 with each other to thereby detect the light transmittance of the light traveling the
distance d in the lubricant 6 (the status of deterioration of the lubricant 6). In such case, during the detection process
taking place in the determining unit 5, the change of the gains effected by the amplifying units 20 and 21, respectively,
are taken into consideration.
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[0104] As hereinabove described, in this lubricant deterioration detecting device 1, the two light detecting components
3 and 4 are so arranged that their light detecting faces are held displaced the distance d from each other relative to the
direction of travel of the rays of light, and the respective outputs of those two light detecting components 3 and 4 are,
after having been amplified by the amplifying units 20 and 21, compared with each other by the determining unit 5 to
thereby detect the status of deterioration of the lubricant 6. Also, the gain adjusting units 24 and 25 automatically adjust
the respective gains of the amplifying units 20 and 21 so that the outputs of the light detecting components 3 and 4
amplified by the amplifying units 20 and 21, respectively, can represent values within the predetermined range. For
these reasons, the status of deterioration can be stably detected without being adversely affected by the thickness of
the lubricant 6 itself, the light transmittance thereof, the intensity of the light source 2 and/or the distance from the light
source 2 to the light detecting components 3 and 4.
[0105] As a result, even when the lubricant deterioration detecting device 1 is incorporated in, for example, the bearing
assembly or the like, the degree of freedom of arrangement comes to be high and construction is possible to accommodate
to the limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected
by comparing the respective outputs of the light detecting components 3 and 4, a stable detection can be accomplished
without being adversely affected by common mode noises such as a power source variation. In addition, since the light
detecting components 3 and 4 are arranged within the lubricant 6, influences brought about by a temperature dependent
change in characteristic of those two light detecting components 3 and 4 can be counterbalanced and, accordingly, a
highly accurate detection can be accomplished.
[0106] It is to be noted that in the construction described above, arrangement may be made that the result of detection
can be made based on a change in temperature by disposing a temperature sensor in proximity of the light detecting
components 3 and 4 for monitoring the temperatures of the lubricant 6 and the light detecting components 3 and 4. More
specifically, for example, a circuit may be employed for correcting the detection signal generated at the temperature
measured at the time of actual use, if a change in detection signal with change in temperature is beforehand measured.
In such case, by sensing the temperature of the lubricant 6, it is possible to avoid the possibility that a change in detection
signal with change in ambient temperature would be erroneously determined as resulting from deterioration of the
lubricant 6. In this way, an accurate detection can be accomplished.
[0107] When this lubricant deterioration detecting device 1 to be operated, the amplifying units 20 and 21 may be used
in the following manner depending on the signal strengths of the outputs of the light detecting components 3 and 4.

1. When the respective outputs of the light detecting components 3 and 4 are both low, those outputs of the light
detecting components 3 and 4 are amplified by the respective amplifying units 20 and 21.
2. When only the output of the light detecting component 4 is low, only this output is amplified by the associated
amplifying units 20 and 21. In such case, depending on the necessity, the output of the light detecting component
3 may be attenuated by the amplifying unit 21.
3. The gains are to be set to such proper values that the respective outputs of the amplifying units 20 and 21 may
become the same and, by comparing the values of those gains, the light transmittance of the lubricant 6 (the status
of deterioration thereof) is to be estimated.

[0108] Fig. 17 illustrates a schematic structural diagram showing a preferred embodiment of the present invention.
This lubricant deterioration detecting device 1 according to this embodiment is similar to that according to the above
example shown in and described with reference to Fig. 12, but differs therefrom in that each of the light detecting
components 3 and 4 includes a detector 11A and 12A and a light guide element 11B and 12B. More specifically, the
light guide element 3 is made up of the detector 11A and the light guide element 11B having a base end connected with
the detector 11A and a free end defining a light detecting face, while the light detecting component 4 is made up of the
detector 12A and the light guide element 12B having a base end connected with the detector 12A and a free end defining
a light detecting face. For each of the detectors 11 A and 12A, a photodiode, a phototransistor, a CDS, a solar cell or a
photomultiplier may be employed. In this case, the two detectors 11A and 12A are juxtaposed at the same position
relative to the direction of travel of the rays of light. In contrast thereto, the two light guide elements 11B and 12B have
respective varying lengths so that their free ends are held displaced the predetermined distance d from each other
relative to the direction of travel of the rays of light. Accordingly, the respective positions of the light detecting faces of
those two light detecting components 3 and 4 are displaced the predetermined distance d from each other relative to
the direction of travel of the rays of light. Each of the light guide elements 11B and 12B is made of a transparent material
such as, for example, a cylindrical synthetic resin or glass and the free end thereof, which defines the light detecting
face, represents a transparent round window, and an outer peripheral surface of each of the light guide elements 11B
and 12B is coated with a reflective material. It is to be noted that each of the light guide elements 11B and 12B may not
be always limited to that having a cylindrical shape, but may have a rectangular sectioned tubular shape. Other structural
features than those described above are similar to those employed in the above example.
[0109] Even in the case of the lubricant deterioration detecting device 1, since the two light detecting components 3
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and 4 are so arranged as to have their light detecting faces held displaced the distance d from each other relative to the
direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected without being adversely
affected by thickness or light transmittance of the lubricant 6 itself, the intensity of the light source 2 and/or the distance
from the light source to the light detecting components 3 and 4.
[0110] Fig. 18 illustrates a schematic structural diagram showing an eleventh preferred embodiment of the present
invention. The lubricant deterioration detecting device 1 according to this embodiment is similar to that according to the
above example shown in and described with reference to Fig. 12, but differs therefrom in that each of the two light
detecting components 3 and 4 is made up of a detector 11A and 12A and an optical fiber 11C and 12C. In other words,
the light detecting component 3 is made up of the detector 11A and the optical fiber 11C having a base end connected
with the detector 11A and a free end defining the light detecting face, while the light detecting component 4 is made up
of the detector 12A and the optical fiber 12C having a base end connected with the detector 12A and a free end defining
the light detecting face. For each of the detectors 11A and 12A, a photodiode, a phototransistor, a CDS, a solar cell or
a photomultiplier may be employed. Even in this case, the two detectors 11A and 12A are juxtaposed at the same
position relative to the direction of travel of the rays of light and the two optical fibers 11C and 12C have respective
lengths so that their free ends are held displaced the predetermined distance d from each other relative to the direction
of travel of the rays of light. Accordingly, the respective positions of the light detecting faces of those two light detecting
components 3 and 4 are displaced the predetermined distance d from each other relative to the direction of travel of the
rays of light. Other structural features than those described above are similar to those employed in the above example.
[0111] Even in the case of the lubricant deterioration detecting device 1, since the two light detecting components 3
and 4 are so arranged as to have their light detecting faces held displaced the distance d from each other relative to the
direction of travel of the rays of light, the status of deterioration of the lubricant 6 can be detected without being adversely
affected by thickness or light transmittance of the lubricant 6 itself, the intensity of the light source 2 and/or the distance
from the light source to the light detecting components 3 and 4.
[0112] A twelfth preferred embodiment of the present invention will be described with particular reference to Figs. 19
to 21. Fig. 19 illustrates a schematic structural diagram of the lubricant deterioration detecting device according to this
embodiment. This lubricant deterioration detecting device 1 includes a bundled optical fiber array 10 made up of two
bundles of optical fibers 11C and 12C which have their free ends displaced a predetermined distance d from each other,
detectors 11A and 12A connected with base end of the optical fiber bundle 11C and base end of the optical fiber bundle
12C, respectively, a light source 2 positioned at a location confronting a free end of the bundled optical fiber array 10,
and a comparing unit 5 for comparing signal outputs of the two detectors 11A and 12A to measure the light transmittance
of the lubricant 6. A position proximate to the free end of the bundled optical fiber array 10 and adjacent the light source
2 is chosen to be a site of the lubricant 6 and respective free ends of the optical fibers 11C and 12C, which define their
light detecting faces, are held within the lubricant 6.
[0113] It is to be noted that a temperature sensor 8 is provided in proximity of the free end of the bundled optical fiber
array 10. Each of the bundles of optical fibers 11C and 12C is made up of a plurality of optical fibers, and a total light
receiving surface area of one of the bundles of optical fibers 11C is chosen to be equal to that of the other of the bundles
of optical fibers 12C. Except that the bundles of optical fibers 11C and 12C have respective free ends displaced from
each other and also have respective base ends confronting the different detectors 11A and 12A, they are of the same
construction.
[0114] For the light source 2, an LED, an incandescent bulb, a semiconductor laser diode, an EL, an organic EL or a
fluorescent tube may be employed. Also, for each of the detectors 3 and 4, a photodiode, a phototransistor, a CDS, a
solar cell or a photomultiplier may be employed. In Fig. 19, the determining unit 5 is shown as including a differential
amplifier 16 for determining the difference between the respective signal strengths of the output of the detectors 11A
and 12A, respectively, a determining section 14 for comparing a signal output of this differential amplifier 16 with a
reference value, and a correcting unit 13 for correcting an output of the determining unit 5 in reference to a detected
value of the temperature sensor 8, but the present invention may not be always limited thereto and the determining unit
5 may have a circuit configuration operable to determine the ratio between the signal strengths of the outputs of those
two detectors 11 A and 12A.
[0115] Also, the constant α in the equation (4) described previously varies depending on the status of the lubricant 6.
By way of example, where the lubricant 6 is of a kind filled in the bearing assembly, foreign matter such as, for example,
powdery wear debris are admixed into the lubricant 6 as the bearing assembly is used in practice and, accordingly, the
constant α increases with an increase of the amount of the alien substance admixed. Also, oxidization and discoloring
occur as deterioration of the lubricant proceeds and, therefore, where the lubricant 6 is a lubricating agent, the constant
α increases as the lubricating agent is deteriorated. Accordingly, where the determining unit 5 determines the ratio
between the signal strengths of the two detectors 11A and 12A, the light transmittance of light traveling the optical
distance d in the lubricant 6 is measured and, therefore, based on the value of the detected output, the amount of the
alien substance admixed in the lubricant can be estimated or the status of deterioration of the lubricant can be detected.
[0116] Even where in the determining unit 5, the difference between the respective signal strengths of the two detectors
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11A and 12A is determined by means of the differential amplifier 16 as is the case with Fig. 19, the light transmittance
of the light traveling the optical distance d in the lubricant 6 is measured. For this reason, based on the detected output,
the amount of the alien substance admixed in the lubricant can be estimated or the status of deterioration of the lubricant
can be detected.
[0117] As hereinabove described, this lubricant deterioration detecting device 1 is so designed that a bundled optical
fiber array 10 is provided, which is made up of two bundles of optical fibers 11C and 12C having their free ends displaced
a predetermined distance d from each other, in combination with the two detectors 11A and 12A connected with base
ends of the optical fiber bundle 11C and base end of the optical fiber bundle 12C, respectively, also with the light source
2 positioned at a location confronting a free end of the bundled optical fiber array 10, while a position proximate to the
free end of the bundled optical fiber array 10 and adjacent the light source 2 is chosen to be the site of the lubricant 6
so that the transmittance of the lubricant 6 can be measured by comparing, with the determining unit 5. Accordingly, the
light transmittance of a lubricant 6 can be stably and accurately measured without being adversely affected by the
thickness of the lubricant 6 itself, the amount of the lubricant 6, the intensity of the light source 2 and the distance from
the light source 2 to the detectors 11A and 12A. As a result thereof, even when the lubricant deterioration detecting
device 1 is incorporated in, for example, the bearing assembly or the like, the degree of freedom of arrangement comes
to be high and construction is possible to accommodate to the limited available space for installation. Also, considering
that the light transmittance of the lubricant 6 is detected by comparing the respective signal outputs of the detectors 11A
and 12A, a stable detection can be accomplished without being adversely affected by common mode noises such as a
power source variation. In addition, since the bundled optical fiber array 10 is employed, a sufficient light receiving
surface area can be secured on the light receiving side. For this reason, not only can a sufficient light receiving strength
can be obtained with the detectors 11A and 12A, but any variation in thickness of the lubricant 6 brought about by the
position can be cancelled and, therefore, a stable measurement of the light transmittance can be accomplished.
[0118] Also, with the determining unit 5 shown in Fig. 19, since the temperature sensor 8 disposed in proximity of the
free end of the bundled optical fiber array 10 detects the temperature of the lubricant 6 and the detectors 11A, 12A to
thereby measure the temperature dependent characteristic of the lubricant based on the detected value thereof, or apply
the correction appropriate to the change in temperature by the correcting unit 13 to the result of measurement based
on the detected value thereof. Accordingly, it is possible to avoid the possibility that a change in measured value resulting
from change of the ambient temperature would be erroneously determined as having resulted from the deterioration of
the lubricating agent which is the lubricant 6. In this way, a further accurate measurement can be accomplished.
[0119] In addition, with the determining unit 5 shown in Fig. 19, since the provision is made of the determining unit 14
for comparing the detection signal, which can be obtained by comparing the respective signal output of the two detectors
11A and 12A, respectively, with each other, with the predetermined reference value, it can readily determined that the
status of deterioration of, for example, a lubricating agent which is the lubricant 6, is above a predetermined level and,
thus, it can be used as an indication of the time of replacement.
[0120] Fig. 20 illustrates a specific constructional example of the light receiving side of the lubricant deterioration
detecting device 1 shown in Fig. 19. In this example, the two bundles of optical fibers 11C and 12C forming the bundled
optical fiber array 10 are so bundled together that a free end thereof, which define the light detecting face, may represent
a planar shape, for example, a round shape.
[0121] Where the free end of the bundled optical fiber array 10 is planarly arranged to represent a planar shape,
averaging can be made even though the distribution of thickness of the lubricant 6 varies and, therefore, a stable
measurement can be accomplished without such variation adversely affecting the measured value. Also, merely posi-
tioning of the light source 2 (in Fig. 19) in face-to-face relation with the bundled optical fiber array 10 having the lubricant
6 deposited on the free end face thereof makes it possible to accomplish the stable measurement. It is to be noted that
in such case, it is preferable to increase the surface area of the light source 2 to suit to the light receiving surface area
of the bundled optical fiber array 10 or to employ the light source 2 in the form of a planar light emitting body.
[0122] Fig. 21 illustrates another specific constructional example of the lubricant deterioration detecting device 1 shown
in Fig. 19. In this example, the two bundles of optical fibers 11C and 12C forming the bundled optical fiber array 10 are
arranged in line.
[0123] Where the two bundles of optical fibers 11C and 12C are arranged in line as described above, the light receiving
unit can be constructed to have a thin structure and, therefore, the light transmittance of a lubricant 6 distributed in a
planar shape can be measured. It is to be noted that even in this case, it is preferable to employ the light source 5 in
the form having a linear shape so that the light receiving efficiency can be increased.
[0124] Fig. 22 illustrates a sectional view showing a detecting device incorporated bearing assembly having the lubricant
detection detecting device 1 of the structure described hereinabove, which is used in a railway vehicle bearing part. The
railway vehicle bearing unit in this case includes a detecting device incorporated bearing assembly 31, and an oil slinger
32 and a rear lid 33, which are accessory components that are provided in contact with opposite ends of an inner ring
34. The bearing assembly 31 is in the form of a rolling bearing, more specifically a double row tapered roller bearing
and includes split type inner rings 34 and 34, each provided for a row of rolling elements 36, an unitary outer ring 35,
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rows of rolling elements 36 and 36 and retainers 37.
[0125] The rear lid 33 is mounted on a wheel axle 40 at a location closer to the midpoint thereof than the location of
the bearing assembly 31 and has an outer periphery with which an oil seal 38 is slidingly engaged. The oil slinger 32 is
mounted on the wheel axle 40 and has an outer periphery with which an oil seal 39 is slidingly engaged. The oil seals
38 and 39 arranged on opposite ends of the bearing assembly 31 serve to seal the lubricant within the bearing assembly
31 and, accordingly, the dust proofing and the resistance to water can be secured.
[0126] The lubricant deterioration detecting device 1 is fitted intermediate between the rows of raceway surfaces
defined in the inner diametric surface of an outer ring 35 of the bearing device 31 for detecting the status of deterioration
of the lubricant sealed within the bearing unit. The lubricant deterioration detecting device 1 is arranged in proximity to
end faces of the rollers 36. The outer ring 35 is formed with a cable insertion hole 35a for passage therethrough of a
wiring cable 19 of the lubricant deterioration detecting device 1, and a portion where the wiring cable 19 is inserted is
treated to have a water resistance and an oil resistance. Through the wiring cable 19, an electric power supply from
outside of the bearing to the lubricant deterioration detecting device 1 and transmission of the detection signal to outside
of the bearing is carried out. In this way, any ingress of water and/or dusts into the bearing unit through an area where
the lubricant deterioration detecting device 31 is fitted can be avoided.
[0127] In the detecting device incorporated bearing assembly 31 having the above described lubricant deterioration
detecting device 1 mounted thereon, deterioration of the lubricant filled within the bearing unit can be accurately detected
in real time or regularly. As a result, prior to an actual occurrence of an abnormality in the bearing device 31, the necessity
of replacement of the lubricant can be judged and it is possible to prevent the bearing device 31 from being damaged
as a result of the defective lubricant. Also, since the necessity of replacement of the lubricant can be determined in
reference to the output of the lubricant deterioration detecting device 1, the amount of the lubricant which may be
discarded prior to the life time of use can be reduced.
[0128] Fig. 23 illustrates another example of the detecting device incorporated bearing assembly. This detecting device
incorporated bearing assembly 31 A is similar to the detecting device incorporated bearing assembly 31 shown in and
described with reference to Fig. 22, but differs therefrom in that the lubricant deterioration detecting device 1 is fitted to
an inner surface of the oil seal 39. In such case, the lubricant deterioration detecting device 1 is arranged proximate to
an end face of the retainer 37.
[0129] Fig. 24 illustrates a further example of the detecting device incorporated bearing assembly. This detecting
device incorporated bearing assembly 31B is similar to the detecting device incorporated bearing assembly 31 shown
in and described with reference to Fig. 22, but differs therefrom in that the lubricant deterioration detecting device 1 is
fitted to one side of the raceway surface of the outer ring 35. Positioning of the lubricant deterioration detecting device
1 on one side of the raceway surface as hereinabove described is effective to assuredly detect the status of the lubricant
then attributing to lubrication.
[0130] Hereinafter, a transmittance detecting device, which is an applied technology different in basic structure from
that used in the present invention will now be described.
[0131] The transmittance detecting device referred to above is so designed as to include a bundled optical fiber array
made up of two bundles of optical fibers having their free end displaced relative to each other, with base ends of the
optical fibers of the bundled optical fiber array connected with two light detectors one employed for each of the two
bundles of optical fibers, a light source positioned in face-to-face relation with a free end of the bundled optical fiber
array, and a determining unit for measuring the light transmittance of a sample by comparing signal outputs from the
two light detectors, wherein a position adjacent the light source proximate to the free end of the bundled optical fiber
array is chosen to be an area of placement of the sample.
[0132] In other words, the lubricant deterioration detecting device shown in and described with reference to Fig. 19 is
applied as an apparatus for detecting the transmittance of any other sample than the lubricant.
[0133] According to this construction, the amount of light attenuated after having passed across the thickness of the
sample, which corresponds to the displacement in position of the free ends of the two bundles of optical fibers can be
detected by comparison of the signal outputs from the two detectors. For this reason, without being adversely affected
by the thickness of the sample itself, the amount of the sample, the intensity of the light source and the distance from
the light source to the light detectors, the light transmittance of the sample can be stably and accurately detected. As a
result thereof, even when the transmittance detecting device is incorporated in, for example, the bearing assembly or
the like, the degree of freedom of arrangement comes to be high and construction is possible to accommodate to the
limited available space for installation. Also, considering that the status of deterioration of the lubricant 6 is detected by
comparing the respective signal outputs of the light detectors, a stable detection can be accomplished without being
adversely affected by common mode noises such as a power source variation. In addition, since the optical fibers are
employed and since a sufficient light receiving surface area can be secured on the light receiving side, not only can the
intensity of received light be obtained with the light detectors, but also any variation in thickness of the sample depending
on the position can be cancelled and, hence, even in this respect, the light transmittance can be stably measured.
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Claims

1. A lubricant deterioration detecting device (1) which comprises:

a light source (2);
a plurality of light detecting components (3) for detecting rays of light emitted from the light source and subse-
quently transmitted through a lubricant (6), said plural light detecting components having respective light de-
tecting faces sequentially displaced in position; ; and
a determining unit (5) operable to compare respective signal strengths of outputs from the plural light detecting
components to thereby detect a status of deterioration of the lubricant,
wherein each of the light detecting components includes a detector (11A) and a light guide element (11B) having
one end in the form of a base end connected with the detector and the other end in the form of a free end
forming the light detecting face and the light guide elements have varying lengths so that the free ends thereof
occupy respective positions sequentially displaced a predetermined distance relative to the direction of travel
of the rays of light.

2. The lubricant deterioration detecting device as claimed in Claim 1, wherein the determining unit is of a type capable
of estimating an amount of the alien substance admixed into the lubricant through comparison of the signal strengths.

3. The lubricant deterioration detecting device as claimed in Claim 1, wherein each of the light detecting components
includes a detector and a light guide element having one end in the form of a base end connected with the detector
and the other end in the form of a free end forming the light detecting face.

4. The lubricant deterioration detecting device as claimed in Claim 1, wherein each of the light detecting components
includes a detector and an optical fiber having one end in the form of a base end connected with the detector and
the other end in the form of a free end forming the light detecting face.

5. The lubricant deterioration detecting device as claimed in Claim 1, wherein the determining unit is of a type capable
of calculating a light transmittance of the lubricant.

6. The lubricant deterioration detecting device as claimed in Claim 1, wherein the determining unit includes a selector
section for excluding, from the output signals of the plural light detecting components, output signals of a light
detecting components which generate a saturated output, and output signals of light detecting components indicative
of a detected light intensity not attaining a predetermined value, in order to use output signals of the rest of the light
detecting components for detection of the status of deterioration of the lubricant.

7. The lubricant deterioration detecting device as claimed in Claim 1, which includes two light detecting components.

8. The lubricant deterioration detecting device as claimed in Claim 7, further comprising a temperature sensor positioned
in proximity to the light detecting components.

9. The lubricant deterioration detecting device as claimed in Claim 7, further comprising a light amount adjusting unit
for adjusting an amount of light of the light source so that an output of one of the two light detecting components,
which is closest to the light source, attains a predetermined constant value.

10. The lubricant deterioration detecting device as claimed in Claim 7, further comprising a light amount adjusting unit
for adjusting an amount of light of the light source so that an output of one of the two light detecting components,
which is remotest from the light source, attains a predetermined constant value.

11. The lubricant deterioration detecting device as claimed in Claim 7, further comprising an amplifying unit for amplifying
an output of each of the light detecting components and a unit for adjusting a gain of the amplifying unit, wherein
the determining unit compares the outputs amplified by the amplifying unit to detect the status of deterioration of
the lubricant, and wherein the gain adjusting unit adjusts a gain of the amplifying unit to allow the output of each of
the light detecting components, which has been amplified by the amplifying unit, to attain a value within a predeter-
mined range.

12. The lubricant deterioration detecting device as claimed in Claim 1 including two light detecting components, wherein
each of the light detecting components includes a detector and a optical fiber bundle having one end in the form of
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a base end connected with a detector and the other end in the form of a free end forming a light detecting face.

13. The lubricant deterioration detecting device as claimed in Claim 12, further comprising a temperature sensor posi-
tioned proximate to the free ends of the optical fiber bundles, and a correcting unit for correcting an output of the
determining unit based on a detected value of the temperature sensor.

14. The lubricant deterioration detecting device as claimed in Claim 12, wherein each of the respective free ends of the
optical fiber bundles is arranged in line.

15. The lubricant deterioration detecting device as claimed in Claim 14, wherein the light source is in the form of a linear-
shaped light source corresponding to a line shaped arrangement of the free ends of the optical fiber bundles.

16. The lubricant deterioration detecting device as claimed in Claim 12, wherein the optical fiber bundles have respective
free end faces that are planarly arranged.

17. The lubricant deterioration detecting device as claimed in Claim 16, wherein the light source is a planar light source
corresponding to the planar shape in which the free ends of the optical fiber bundles are arranged.

18. A detecting device incorporated bearing assembly having mounted thereon a lubricant deterioration detecting device
as defined in Claim 1.

Patentansprüche

1. Schmiermittelverschleiß-Erfassungseinrichtung (1), die Folgendes umfasst:

eine Lichtquelle (2),
mehrere Lichterfassungskomponenten (3) zum Erfassen von Lichtstrahlen, die von der Lichtquelle ausgesendet
und anschließend durch ein Schmiermittel (6) hindurchgelassen werden, wobei die mehreren Lichterfassungs-
komponenten jeweilige Lichterfassungsflächen haben, die in ihrer Position verschoben sind, und
eine Feststellungseinheit (5), die funktionsfähig ist, um jeweilige Signalstärken von Ausgaben aus den mehreren
Lichterfassungskomponenten zu vergleichen, um dadurch einen Verschleißzustand des Schmiermittels zu er-
fassen,
wobei jede der Lichterfassungskomponenten einen Detektor (11A) und ein Lichtleitelement (11B), welches das
eine Ende in der Form eines mit dem Detektor verbundenen Basisendes und das andere Ende in der Form
eines freien Endes, das die Lichterfassungsfläche bildet, hat, einschließt, und die Lichtleitelemente verschiedene
Längen haben, so dass die freien Enden derselben jeweilige Positionen einnehmen, die aufeinanderfolgend
um einen vorbestimmten Abstand im Verhältnis zu der Bewegungsrichtung der Lichtstrahlen verschoben sind.

2. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, wobei die Feststellungseinheit von einem Typ ist,
der dazu in der Lage ist, eine Menge der dem Schmiermittel beigemischten fremden Substanz durch einen Vergleich
der Signalstärken zu schätzen.

3. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, wobei jede der Lichterfassungskomponenten ei-
nen Detektor und ein Lichtleitelement, welches das eine Ende in der Form eines mit dem Detektor verbundenen
Basisendes und das andere Ende in der Form eines freien Endes, das die Lichterfassungsfläche bildet, hat, ein-
schließt.

4. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, wobei jede der Lichterfassungskomponenten ei-
nen Detektor und eine Lichtleitfaser, die das eine Ende in der Form eines mit dem Detektor verbundenen Basisendes
und das andere Ende in der Form eines freien Endes, das die Lichterfassungsfläche bildet, hat, einschließt.

5. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, wobei die Feststellungseinheit von einem Typ ist,
der dazu in der Lage ist, eine Lichtdurchlässigkeit des Schmiermittels zu berechnen.

6. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, wobei die Feststellungseinheit eine Auswahlsek-
tion einschließt, um aus den Ausgangssignalen der mehreren Lichterfassungskomponenten, die Ausgangssignale
von Lichterfassungskomponenten, die eine gesättigte Ausgabe erzeugen, und Ausgangssignale von Lichterfas-
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sungskomponenten, die eine erfasste Lichtintensität, die einen vorbestimmten Wert nicht erreicht, anzeigen, aus-
zuschließen, um Ausgangssignale des Rests der Lichterfassungskomponenten zur Erfassung des Verschleißzu-
standes des Schmiermittels zu verwenden.

7. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, die zwei Lichterfassungskomponenten ein-
schließt.

8. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 7, die ferner einen Temperatursensor umfasst, der
in der Nähe der Lichterfassungskomponenten angeordnet ist.

9. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 7, die ferner eine Lichtmengen-Einstellungseinheit
zum Einstellen einer Lichtmenge der Lichtquelle umfasst, so dass eine Ausgabe der einen der zwei Lichterfassungs-
komponenten, die der Lichtquelle am nächsten ist, einen vorbestimmten konstanten Wert erreicht.

10. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 7, die ferner eine Lichtmengen-Einstellungseinheit
zum Einstellen einer Lichtmenge der Lichtquelle umfasst, so dass eine Ausgabe der einen der zwei Lichterfassungs-
komponenten, die der Lichtquelle am fernsten ist, einen vorbestimmten konstanten Wert erreicht.

11. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 7, die ferner eine Verstärkungseinheit, um eine Aus-
gabe jeder der Lichterfassungskomponenten zu verstärken, und eine Einheit zum Einstellen eines Gewinns der
Verstärkungseinheit umfasst, wobei die Feststellungseinheit die durch die Verstärkungseinheit verstärkten Ausga-
ben vergleicht, um den Verschleißzustand des Schmiermittels zu erfassen, und wobei die Gewinneinstellungseinheit
einen Gewinn der Verstärkungseinheit einstellt, um zu ermöglichen, dass die Ausgebe jeder der Lichterfassungs-
komponenten, die durch die Verstärkungseinheit verstärkt worden ist, einen Wert innerhalb eines vorbestimmten
Bereichs erreicht.

12. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1, die zwei Lichterfassungskomponenten ein-
schließt, wobei jede der Lichterfassungskomponenten einen Detektor und eine Lichtleitfaserbündel, welches das
eine Ende in der Form eines mit einem Detektor verbundenen Basisendes und das andere Ende in der Form eines
freien Endes, das eine Lichterfassungsfläche bildet, hat, einschließt.

13. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 12, die ferner einen Temperatursensor, der in der
Nähe der freien Enden der Lichtleitfaserbündel angeordnet ist, und eine Korrektureinheit zum Korrigieren einer
Ausgabe der Feststellungseinheit auf der Grundlage eines erfassten Wertes des Temperatursensors umfasst.

14. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 12, wobei jedes der freien Enden der Lichtleitfaser-
bündel in einer Linie angeordnet ist.

15. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 14, wobei die Lichtquelle die Form einer linear ge-
formten Lichtquelle hat, die einer linienförmigen Anordnung der freien Enden der Lichtleitfaserbündel entspricht.

16. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 12, wobei die Lichtleitfaserbündel jeweilige freie
Stirnflächen haben, die planar angeordnet sind.

17. Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 16, wobei die Lichtquelle eine planare Lichtquelle
ist, die der planaren Form, in der die freien Enden der Lichtleitfaserbündel angeordnet sind, entspricht.

18. Lagerbaugruppe mit integrierter Erfassungseinrichtung, wobei die Baugruppe eine an derselben angebrachte
Schmiermittelverschleiß-Erfassungseinrichtung nach Anspruch 1 hat.

Revendications

1. Dispositif de détection de la détérioration du lubrifiant (1) qui comprend :

une source lumineuse (2) ;
une pluralité de composants de détection de la lumière (3) pour détecter des rayons de lumière émis par la
source lumineuse et transmis par la suite à travers un lubrifiant (6), ladite pluralité de composants de détection
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de la lumière ayant des faces respectives de détection de la lumière dont la position est séquentiellement
décalée, et
une unité de détermination (5) pouvant fonctionner pour comparer les forces des signaux respectifs de sorties
de la pluralité de composants de détection de la lumière afin de pouvoir ainsi détecter un état de détérioration
du lubrifiant, dans lequel chacun des composants de détection de la lumière comprend un détecteur (11A) et
un élément guide de la lumière (11B) présentant une extrémité sous forme d’une extrémité de base reliée au
détecteur et l’autre extrémité sous forme d’une extrémité libre formant la face de détection de la lumière et les
éléments guide de la lumière présentant des longueurs différentes de sorte que leurs extrémités libres occupent
des positions respectives séquentiellement décalées d’une distance prédéterminée par rapport à la direction
de passage des rayons de lumière.

2. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, dans lequel l’unité de détermination
est d’un type capable d’estimer une quantité de la substance étrangère mélangée au lubrifiant par comparaison
des forces de signal.

3. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, dans lequel chacun des composants
de détection de la lumière comprend un détecteur et un élément guide de la lumière ayant une extrémité sous la
forme d’une extrémité de base reliée au détecteur et l’autre extrémité sous la forme d’une extrémité libre formant
la face de détection de la lumière.

4. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, dans lequel chacun des composants
de détection de la lumière comprend un détecteur et une fibre optique ayant une extrémité sous la forme d’une
extrémité de base reliée au détecteur et l’autre extrémité sous la forme d’une extrémité libre formant la face de
détection de la lumière.

5. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, dans lequel l’unité de détermination
est d’un type capable de calculer un facteur de transmission de la lumière du lubrifiant.

6. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, dans lequel l’unité de détermination
comprend une section de sélecteur permettant d’exclure, à partir des signaux de sortie de la pluralité de composants
de détection de la lumière, les signaux de sortie des composants de détection de la lumière qui génèrent une sortie
saturée, et les signaux de sortie des composants de détection de la lumière indiquant une intensité lumineuse
détectée qui n’atteigne pas une valeur prédéterminée, afin d’exploiter les signaux de sortie du reste des composants
de détection de la lumière pour la détection de l’état de détérioration du lubrifiant.

7. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, qui comprend deux composants de
détection de la lumière.

8. Le dispositif de détection de détérioration de lubrifiant selon la revendication 7, comprenant en outre un capteur de
température placé à proximité des composants de détection de la lumière.

9. Le dispositif de détection de détérioration de lubrifiant selon la revendication 7, comprenant en outre une unité de
réglage de quantité de lumière pour régler une quantité de la lumière de la source lumineuse de telle sorte qu’une
sortie de l’un des deux composants de détection de la lumière, qui est le plus proche de la source lumineuse, arrive
à une valeur constante prédéterminée.

10. Le dispositif de détection de détérioration de lubrifiant selon la revendication 7, comprenant en outre une unité de
réglage de la quantité de lumière pour régler une quantité de lumière de la source lumineuse de telle sorte qu’une
sortie de l’un des deux composants de détection de la lumière, qui est le plus éloigné de la source lumineuse, arrive
à une valeur constante prédéterminée.

11. Le dispositif de détection de détérioration de lubrifiant selon la revendication 7, comprenant en outre une unité
d’amplification pour amplifier une sortie de chacun des composants de détection de la lumière et une unité pour
régler le gain de l’unité d’amplification, dans lequel l’unité de détermination compare les sorties amplifiées par l’unité
d’amplification pour détecter l’état de détérioration du lubrifiant, et dans lequel l’unité de réglage de gain règle le
gain de l’unité d’amplification pour permettre aux sorties de chacun des composants de détection de la lumière, qui
ont été amplifiées par l’unité d’amplification, d’atteindre une valeur dans une plage prédéterminée.
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12. Le dispositif de détection de détérioration de lubrifiant selon la revendication 1, comprenant deux composants de
détection de la lumière, dans lequel chacun des composants de détection de la lumière comprend un détecteur et
un faisceau de fibres optiques ayant une extrémité sous la forme d’une extrémité de base reliée à un détecteur et
l’autre extrémité sous la forme d’une extrémité libre formant une face de détection de la lumière.

13. Le dispositif de détection de détérioration de lubrifiant selon la revendication 12, comprenant en outre un capteur
de température placé à proximité des extrémités libres des faisceaux de fibres optiques, et une unité de correction
pour corriger une sortie de l’unité de détermination sur la base d’une valeur détectée du capteur de température.

14. Le dispositif de détection de détérioration de lubrifiant selon la revendication 12, dans lequel chacune des extrémités
libres respectives des faisceaux de fibres optiques est disposée en ligne.

15. Le dispositif de détection de détérioration de lubrifiant selon la revendication 14, dans lequel la source lumineuse
est sous la forme d’une source de lumière de forme linéaire correspondant à un agencement de forme linéaire des
extrémités libres des faisceaux de fibres optiques.

16. Le dispositif de détection de détérioration de lubrifiant selon la revendication 12, dans lequel les faisceaux de fibres
optiques présentent des faces respectives d’extrémité libres disposées de façon plane.

17. Le dispositif de détection de détérioration de lubrifiant selon la revendication 16, dans lequel la source lumineuse
est une source lumineuse plane correspondant à la forme plane avec laquelle sont disposées les extrémités libres
des faisceaux de fibres optiques.

18. Ensemble de palier incorporant un dispositif de détection sur lequel est monté un dispositif de détection de dété-
rioration de lubrifiant selon la revendication 1.
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